Based on the equation of motion in nonequilibrium Green function formalism, the matching conditions for the distribution functions of Boltzmann equation at interfaces of metallic multilayers are investigated in the nonequlibrium transport procedure. We also explore the matching conditions when the current-induced spin accumulation is accounted for, the contribution of coulomb interaction due to accumulated electrons is included. In order to study the matching conditions in the position space, we generalize the tunneling Hamiltonian to the formalism in position space, the matching conditions in this case is then obtained, which is convenient for us to match the usual distribution function of Boltzmann equation.
Introduction
In the past few years, a number of theoretical studies had been carried out in the Boltzmann equation approach on the spin-polarized transport of electrons tunneling through a magnetic multiplayer [1] [2] [3] [4] [5] , the spin dependent transport is found to exhibit the interesting giant magnetoresistance effect and the current-induced switching of magnetic layers. The usual way in the Boltzmann equation approach is to solve the distribution function in each layer and connect them between layers by use of the matching conditions, which has been well used to investigate the transport problem of collinear magnetic multilayers [3, 6, 7] . The matching conditions in the noncollinear case are also explored by introducing an artifice to account for correlations between states in different layers [8, 9] . However, these matching conditions for the distribution functions at the interface of two layers are only given out in the equilibrium case or in the steady state, how to extend them to the nonequilibrium transport procedure is still an open question. Actually, it is worthwhile to study the matching conditions out of equilibrium, because most of spin-dependent transport procedure occurs in the nonequilibrium situation. Also, the current-induced spin accumulation will happen in the nonequilibrium case, the coulomb interaction among the accumulated electrons will have their contributions to the matching condition, which had been illustrated in the steady state [10] .
In this paper, we try to obtain the matching conditions out of equilibrium in the nonequilibrium Green function formalism. The lesser Green functions in different layers are related by their equations of motion, which can lead to the matching conditions for the distribution function of Boltzmann equation after Wigner transformation. Meanwhile, if we consider the coulomb interaction among accumulated electron in the tunneling Hamiltonian, it's contribution to the matching conditions can also be obtained. Finally, the matching conditions are also expressed in the usual position space.
where the contact (ferromagnet) Hamiltonian is   
where
is the center of mass variable and is a constant which can be determined by the initial condition. Similarly, performing the same Fourier transformation to Equation (3), then substituting Equation (6) into it, we have
This equation relates the Green function of contacts with the Green function of central region.
Usually, the Wigner distribution function of quantum Boltzmann equation in contact and central region are defined as
and
respectively. Then from Equation (7), the distribution function
which is exactly the matching condition between contact and central region in the nonequilibrium case. This complicated integro-differential condition about time is in essence the equation of motion for the lesser Green function, so far we have arrived one of our results.
Matching Conditions
The above matching conditions (10) and the Hamiltonian (1) are given in the second quantization formalism. However, the usual matching conditions we use to connect the distribution function of Boltzmann equation in different layers is expressed in the position formalism. It is necessary to explore the matching conditions out of equilibrium in position space. For this purpose, we introduce the Hamiltonian of tunneling structure as . From this definition, we can get it's equation of motion by use of the Hamiltonian in position space, it is
is the lesser Green function in the central region,
Usually, the Wigner distribution function in the Boltzmann equation is defined as the Fourier transformation of the lesser Green function [12] [13] [14] .   . Performing the above Fourier transformation to both sides of Equation (20), we have
, ,
is the distribution function in the contact, and hop f p X is defined as
. We have adopted the gradient approximation in the Fourier transformation of the second term in the above equation [12] [13] [14] . In order to express   x is the position of electron before jumping from contact to central region, it is in the contact. 2 x is the position after jumping, which is in the central region. As we know, the jumping usually occurs as the electrons are near the interface, so 2 
